
\ 

THE PREDICTION OF THE QUALITY OF COKE BY THE USE OF V ~ - G  DIAGRAMS 

\ 

\ 

I' 

Peng Chen 

Department of Fuels Engineering, University of Utah, S a l t  Lake Ci ty ,  UT 84112 

Permanent address: Central Coal Mine Research I n s t i t u t e ,  Hepingli , Beijing, 
People 's  Republic of China 

All p roper t ies  of coal a r e  more or l e s s  r e l a t ed  t o  the c o a l i f i c a t i o n  meta- 
morphism. However, caking proper t ies  ( p l a s t i c i t y )  a l so  a f f e c t  the coke s t rength .  
Upon heating, coal undergoes chemical changes, giving r i s e  t o  the evolution of gas 
and condensible vapors and leaving behind a s o l i d  residue cons i s t ing  almost e n t i r e l y  
Of carbon. 
coking coal sof tens ,  becomes p l a s t i c ,  and coalesces i n t o  a coherent mass which 
swells and then forms a so l id  porous s t ruc tu re .  In t h i s  s e r i e s  of transformation, 
two important temperature zones can be d is t inguished .  
the  coal i s  p l a s t i c  and the  second i s  t h a t  a t  higher temperature in which the  
r e so l id i f i ed  material cont rac ts .  A strong cont rac t ion  and r e s o l i d i f i c a t i o n ,  which 
is  l i k e l y  t o  occur w i t h  coa ls  of high v o l a t i l i t y  and p l a s t i c i t y ,  produces many 
f i s su res  in the  coke, leading t o  lower mechanical s t rength .  Coke s t r eng th  i s ,  
therefore ,  c lose ly  associated with agglomeration of p a r t i c l e s ,  pore s i ze  and i t s  
d i s t r ibu t ion ,  s t rength  of c e l l  wall and development of f i s s u r e s .  I t  i s  assumed 
t h a t  the  coke s t rength  may be expressed s t a t i s t i c a l l y  as a function of these  two 
parameters. 

a r e  a s  follows: 

maximum per??&& r e f l B % c e  of v i t r i n i t e .  %ax i s  the  maximum percent f l u i d i t y  
measured by the Gieseler plastometer. 

Vr--b diagrams, pu t  forward by Simonis.(2) 
weight v o l a t i l e  matter on a dry,  ash-free bas i s ,  and b i s  t he  t o t a l  d i l a t a t i o n  of 
the coa l ,  measured by the  Audibert-Arnu d i la tometer .  

f i na l  drop of the expansion-pressure curve which i s  function o f  V .  
thickness of the p l a s t i c  layer  of t h e  Sapozhnikov test ,  which r e f l e c t s  the  quant i ty  
of the p l a s t i c  mass. 

abbreviations of Strength Index and Composition Balance Index. 
obtained from petrographic ana lys i s .  

Vr--G diagrams has been p u t  forward by the  Central Coal Mine Research 
Ins t i t vQy(5 ) .  G i s  the caking index of coa l ,  which i s  the modification of Roga 
Index. 

Exper i men t a  1 

f i e l d s  of China. Among these ,  177 samples of 2 tons each were taken from bitumin- 
ous coal mines and seams represent ing  d i f f e r e n t  ages of coal formation and periods 
of metamorphism. Examinations were made according t o  t h e  requirements f o r  coking 
t e s t s  on a semi-industrial  sca le  using a washer, a 200kg coke oven, d i f f e ren t  s i z e s  
of automatic screens,  a micum drum, e t c .  The raw coal was cleaned by a j i g  washer, 

I n  the temperature range 350-500" C ,  depending on the rank of the  coa l ,  

The f i r s t  i s  t h a t  in which 

Many methods t o  pred ic t  the  s t rength  of coke have been proposed. 

(1)  --Log diagrams p u t  forward by Miyazu.(') Here, Fm i s  the  mean 

These methods 

( 2 )  Here, Vr  i s  the  percent by 

( 3 )  X--Y diagrams have been used in the Soviet  Union.(3) Here, X i s  the  
Y i s  the  

( 4 )  S.1.--C.B.I. diagrams were used by S h a p i r ~ ( ~ ) .  S . I .  and C.B.I. a r e  the  
These values a re  

( 5 )  

More than 400 samples of bituminous coa ls  were se lec ted  from the main coal 
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85% of the  coal charged i n t o  the  coke oven was l e s s  than 3mm in s i z e  and had a 
moisture content of 1092 The tes t  coke-oven was constructed of aluminum and 
magnesium blocks. The coke 
s t rength  was determined by the ISO/R 556-1967(E) t e s t .  
s t rength  of coke; the M10 index, abrasive s t r eng th  of coke; the F10 index, 
the  y i e l d  of coke powder of l e s s  than 10mm, and the 460 index,block coke of 
l a rge r  than 60mm a f t e r  t he  drop-shatter t e s t ,  were determined. 

of caking and coking proper t ies  were determined. Most of the t e s t  methods 
adopted a re  s imi la r  i n  p r inc ip l e  t o  the  corresponding methods spec i f ied  in the 
In te rna t iona l  Standards issued by ISO. 

The carbonizing chamber has a width of 450mm. 
The M40 index, crushing 

The proximate ana lys i s ,  u l t imate  ana lys i s ,  petrographic ana lys i s  and t e s t s  

Results 

S t a t i s t i c a l  ana lys i s  on the coa l i f i ca t ion  metamorphism-- Vola t i le  matter 
and mean maximum re f l ec t ance  of coal have been 
t o  describe the c o a l i f i c a t i o n  metamorphism.( 7,8$ There i s  a good co r re l a t ion  
between these  two indices  a s  shown in Table 1 .  
i s  made on whole coal and r e f l ec t ance  so le ly  on v i t r i n i t e ,  which i s  generally 
about 50-80% in coking coa l ,  t he re  i s  s t i l l  a good co r re l a t ion .  Ultimate ana lys i s ,  
such as carbon content ,  hydrogen content ,  and atomic H/C and O / C  r a t i o s  have also 
been used (Table 2 ) .  

o s t  commonly used as  parameters 

Although the  v o l a t i l e  matter index 

Table 1 .  Corre la t ion  Between V r  and max 

Correlation 
Source Regression Equation Coeff ic ien t  

- 
U.S.A. R" max =2.476 - 0.0402xVr -0.944 

Canada & Aust ra l ia  Sibmax =2.519 - 0.0465xV' -0.884 

China max =2.12 - 0.0357xVr -0.917 

Table 2. Corre la t ion  between Cr  , H r  , Or and V r  
(Samples 390) 

Regression Equation Corre la t ion  Coeff ic ien t  

V r  = 247.76-2.52xCr -0.86 
V r  = 1 5 . 2 8 ~ H ~ 4 9 . 5 7  0.90 
vr = 10.7+2.64xor 0.79 

1 0 8 . 2 M .  1 5xHr 
94.32-1.11 xOr 

-0.72 
-0.98 

S t a t i s t i c a l  ana lys i s  of the  caking properties--Although caking proper t ies  
of coal a r e  not always proportional t o  the  coking power, they plan an e s sen t i a l  
ro l e  during carbonization i n  determining the  s t rength  of the coke.'(9) Each 
t e s t  index has i t s  own fea tu res .  Most o f  them, such a s  Roga index ( R I ) ,  Caking 
index (G), Gray-King index ( G K ) ,  Crucible Swelling index Number (CSN) ,  e t c . ,  
r e f l e c t  the overa l l  r e s u l t  of the  process which converts coal from the s o l i d  
s t a t e  in to  the p l a s t i c  s t a t e  and t h e n  r e s o l i d i f i e s  i t  i n t o  a s o l i d  coherent body 
with a porous s t ruc tu re .  
p l a s t i c  s t a t e  while o thers  r e f l e c t  the f l u i d i t y  o f  the  p l a s t i c  mass. The 

Some o f  them r e f l e c t  the temperature range of the  
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cor re l a t ion  of these ind ices ,  therefore ,  is sometimes good and sometimes poor. 
The cor re la t ion  coe f f i c i en t s  between indices  of cohesiveness of coal a r e  summarized 
i n  Table 3. 

Table 3. Correlation Coeff ic ien ts  between Indices of Cohesiveness of Coal 

G R . I .  C.S.N. G.K. Y b Log CY max 

G 1.00 0.98 0.78 0.94 0.83 0.73 0.86 
R.I. 0.98 1.00 0.77 0.91 0.80 0.69 0.87 
C.S.N. 0.78 0.77 1 .oo 0.80 0.63 0.58 0.37 
G.K. 0.94 0.91 0.80 1.00 0.86 0.83 0.88 
Y 0.83 0.80 0.63 0.86 1.00 0.92 0.66 
b 0.73 0.70 0.58 0.83 0.92 1.00 0.76 
Log aaax 0.86 0.87 0.37 0.88 0.66 0.76 1 .oo 

Relationshi between com onents and rope r t i e s  of coal and coke strength-- 
Among the  177 sa ip l e s  used in’the coke-ovEn t e s t s ,  29 samples could n o t  go through 
the  tumbler t e s t .  
there  remained 134 coal samples. Organic components, c o a l i f i c a t i o n  metamorphism 
and caking proper t ies  a re  in te rna l  va r i ab le s  c h a r a c t e r i s t i c  of the  coal used. 
addi t ion ,  the  coke produced a l s o  depends on external va r i ab le s  such as the  p a r t i c l e  
s i z e  of coa l ,  t he  bulk dens i ty  of the charge, the heating r a t e ,  the coking tempera- 
t u re ,  the coking time and the s t ruc tu re  of the coke oven. In the present study, 
these external var iab les  a re  constant.  I t  was, therefore ,  poss ib le  t o  use a few 
parameters r e fe r r ing  t o  the  in te rna l  var iab le  of coal coking to  r e f l e c t  t he  
r e l a t ion  between the  property of coal and coke s t rength .  

out f o r  134 coal samples. The r e s u l t s  a r e  l i s t e d  in  Table 4. The F-test demon- 
s t r a t ed  the following: 

b e t t e r  than the  1 inear  equation, and 

w i t h  the second order equation. 

After deducting the samples of charges containing >15% ash, 

I n  

Trend sur face  ana lys i s  can be used t o  solve t h i s  problem. I t  has been ca r r i ed  

(1)  The second order equation, square trend-surface equat ion ,  i s  d i s t i n c t l y  

( 2 )  The cubic equation does not  have a s i g n i f i c a n t  d i f fe rence  a s  compared 

Table 4. Goodness of F i t  f o r  Vr--G on Coke Qua l i t i e s  
- 

F i t t i n g  Indices o f  Coke Q u a l i t i e s  
Trend Equation M40 M10 Q60 440 F10 

Liner 0.53 0.68 0.36 0.62 0.56 
Square 
Cubic 

0.69 
0.70 

0.82 
0.82 

0.50 
0.53 

0.80 
0.85 

0.77 
0.77 

Therefore, t he  second order equation i s  used t o  ind ica t e  the t rend  sur face .  
From Figures 1 and 2, the following information may be obtained: 

( A )  When a coal has a v o l a t i l e  matter (daf )  of l e s s  than 30%, the  coke 
s t rength  i s  mainly cont ro l led  by the cohesiveness. 

(B )  When a coal has a v o l a t i l e  matter (daf )  of more than 30%, the coke 
s t r eng th  i s  cont ro l led  by both the  cohesiveness and the  degree of metamorphism 
of coa l .  
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(C) 

( D )  

As t he  v o l a t i l e  mat te r  (da f )  increase ,  the  s t rength  i s  more a f fec ted  
by the degree of metamorphism of coal.  

The e f f e c t  of the  degree of coal metamorphism i s  grea te r  on the M40 
index than on the M10 index. 
on M40. 

mainly a f f ec t ed  by the degree of coal metamorphism. 
o f  1 ump coke decreases.  

a f fec ted  by the cohesiveness of the  coa l .  
a f fec ted  by the cohesiveness of coal.  

If  o the r  ind ices  r e f l e c t i n g  the  degree of coal metamorphism and the 
cohesiveness were used, s imi l a r  r e l a t ions  would be obtained (Table 5) .  The combina- 
t i ons  of Vr and o the r  ind ices  r e f l e c t i n g  cohesiveness usually did not show any 
d i f fe rence  in goodness of f i t  f o r  t he  M40 index. As f o r  the M10 index, the combina- 
t ion  o f  Vr--G i s  d i s t i n c t l y  b e t t e r  than Vr--Y or  Vr--Log max ,  or C.S.N. 
i t  i s  ev ident  t h a t  

The e f f e c t  of the cohesiveness i s  l a rge r  on MI0 than 

I t  may be seen from Figures 3 and 4 ,  t h a t  the  percentage of lump coke is 
As V r  increases ,  the percentage 

I t  may be seen from Figure 5 t h a t  the percentage of coke breeze is  mainly 
The higher the  V r ,  the  more i t  i s  

T h u s ,  

( 1 )  

(2 )  

Caking index G,  which we have improved, i s  b e t t e r  than o ther  indices 

Index V i s  b e t t e r  t h a n  Fm x. The former i s  based on whole coal and 

r e f l ec t ing  cohesiveness o f  coal.  

the l a t t e r  i s  based on v i t r i n i t e  i n  eoal only. 

Table 5. Comparison of Goodness of F i t  when F i t t i n g  with 
Dif fe ren t  Indices 

Coke Strength 
Combination of -M40T- M l U  

Differen t  Indices Square Cubic Square Cubic 

v r  v i s .  G 0.69 0.70 
vr v i s .  R. I .  0.69 0.70 
V r  v i s .  Log a,,,ax 0.67 0.69 V T  v i s .  Y 0.66 0.69 
V" vis. C.S.N. 0.68 0.72 
- V r  v i s .  b 0.63 0.67 
Romax-Log O"max 0.59 0.60 
Rbmax-(Cd)2/3* 0.57 0.62 

0.82 0.82 
0.78 0.81 
0.66 0.72 
0.55 0.70 
0.56 0.59 
0.44 0.62 
0.66 0.70 
0.33 0.39 

/ ,  

I 

I 

_ _ _ ~  

* (Id)2,3, vol.  % of 2/3 semi-v i t ran i te  i n  coal p lus  f u s i n i t e  and semi- 
f u s i n i t e ,  then p l u s  mineral impur i t ies  i n  coal.  [ 

Taking advantage of these r e s u l t s ,  we can es t imate  the s t rength  of coke 
using the  diagram o f  Vr--G. 
obtained from a semi-industrial  s ca l e  oven and are d i f f e r e n t  from the  r e s u l t s  
i n  a conventional coke oven. I n  genera l ,  the coke s t r eng th  i s  s l i g h t l y  lower 
f o r  t he  smaller oven, bu t  i t  i s  not important in se l ec t ing  the  blending r a t i o s  
of coa ls .  

optimum area ,  we can add some coa ls  t o  t h e  blending coals t o  move the pos i t ion  

We must po in t  ou t  t h a t  these  results have been 

If the value of blending coa ls  in t h e  Vr--G diagram does not  f a l l  i n  the  

I 
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i n  the Vr--G diagram i n t o  optimum area.  
ment t o  enhance the a b i l i t y  t o  make be t t e r  coke o r  t o  improve the  economics of 
manufacturing coke. 
We can, fo r  example, use preheating t o  improve the  caking a b i l i t y  of these 
blending coa ls ,  which a r e  low i n  caking a b i l i t y  and have a pos i t ion  i p  the  Vr--G 
diagram low on the  optimum area .  The optimum area f o r  blending has V values from 
28% t o  32% and G values from 60 t o  75. 
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In addi t ion ,  we may use fu r the r  t r e a t -  

The methods of fu r the r  treatment a re  shown in Figure 6. 

The author g ra t e fu l ly  
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FIGURES: 

1. 

2. 

3. 

4.  

5. 

Forecasting the  M40 with the square trend sur face .  

Forecasting the  M10 with the  square trend sur face .  

Forecasting the 960 w i t h  the square trend sur face .  

Forecasting the Q40 with the square trend surface.  

Forecasting the F10 with the square trend surface.  

\ 

6.  Some methods of fu r the r  treatment t o  improve the coke s t rength  using Vr-G 
diagram. 

'\ 

211 



ul 

s 
4 

R 

ln 

ln 

!! 

0 0 0 0 0 0 0 0 0 0 0 -  
0 

Z S m m  r mint m N -  

c9 

ul 

s 

2 F - g  
R L  

ul r l N  

Q Q g  

Lo 
0 

0 0 0 0 0 0 0 0 0 0 0 0- 
= g m m r - m m t m ~ -  

, 
ln 
t 

8 

48 
1: 
R 

2 0 0 0 0 0 0 0 0 0 0 0- 

m 

'" 
0 

- g m r n r m m t m ~ -  

U l  

aJ L 
3 07 

U 
.r 

21: 


